Ensemble Manufacturing Techniques for Steam Turbine Components Across Length
Scales
Anand Kulkarni, Siemens Corporation
=8 DOE Award: DE-FE-0031808
el  UTSR meeting: September 27t 2022

Restricted © Siemens AG 2022



Acknowledgements SIEMENS

Page 2

This material is based upon work supported by the Department of Energy Award Number DE-FE-
0031808. Siemens would sincerely thank Patcharin Burke, DOE FPM and the DOE FECM division
for support for the project. Siemens also thanks the team from Siemens Energy in Orlando/Mulheim,
EPRI, ORNL and CCAT for valuable project contribution.

Disclaimer: "This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency
thereof."

Kulkarni/ Siemens



Outline SIEMENS

Introduction

Project Objective and Team

Project Approach to Meet Technical Targets

Task 2.0 - Digital Manufacturing Efforts for Optimization of Parts for Additive Manufacturing (AM)

Task 3.0 17 Steam turbine materials development using AMs for Process-Structure-Property (PSP) relationships
Rask 4.0 7 Design and component build efforts using AM

Task 5.0 - Non-destructive evaluation (NDE) inspection of printed components

Task 6.0 7 Conduct Rig/Engine testing of AM Steam turbine Components

Task 7.0 - Data-driven AM Qualification & Production scale-up

Project Schedule and Milestones

Technology Maturation Plan

Page 3 Kulkarni/ Siemens



Synergistic Research for Technical Advancements to meet the
Cost/Performance Targets Utilizing Additive Manufacturing

Project information Technical Highlights

PI: Anand Kulkarni
Funder: DOE Office of Fossil Energy (FE) i NETL

Strategic Partner: Siemens Gas and Power, EPRI, ORNL, CCAT
Total Project Funding: ~$7,600K (~$6M Federal, ~$1.6M cost share)

SIEMENS

Funding Opportunity Objective

Objective of Proposed Program

Advanced turbine design
- Novel blade designs for
increased efficiency and
reduced CO2 emissions

- Advanced internal cooling
circuit for reduced leakages
- Hollow structured blades for

reduced loading Key

Contributions to
U.S. Technical
Innovation

Advanced Materials/ NDE

- Improved alloy chemistries
for performance improvements
-Process-structure-property
linkages for multiple AM
methods for design window
- Advanced NDE concepts for
rapid qualification of AM
components

Key Research Areas

Advanced Manufacturing

- High powered additive
manufacturing process for
steam turbine alloys

- Adaptive process for rapid
buildup of steam turbine parts

- Ensemble processing across
length scales for cost reduction

Componentscaleup &

Validation

- Steam turbine rig for
performance evaluation
of AM components vs
baseline

- Validated flow CFD
simulations for improved
performance (reduced
losses/leakages)

Applying current AM technologies
to an existing part

—

The application of existing AM processes (Directed
energy deposition (Optomec/DMG-Mori, Large area

>wire manufacturing), Selected laser melting (EOS-
M400) and Atomistic diffusion AM (Markforged) for
redesigned steam turbine components across length
scales for new/repair opportinities.

Improve cost and performance of
steam turbine components

Topology optimization for performance improvements
for blades, seals and valve components planned.
Potential activities include novel blade designs for

>increased efficiency and reduced CO2 emissions,
advanced internal cooling circuit for reduced leakages
and hollow structured blades for reduced loading

Retire all risks associated with a

follow-on field test
—

Advanced NDE development for rapid
qualification/inspection of AM components.

> Functional/performance testing of Steam turbine test
rig for turbine flow CFD validation to demonstrate
reduced leakages, improved efficiency and reduced
CO2 emissions

Potential for repair/replacement of

Potential to develop an on-site repair process via scan

existing part :E}to print option for damage parts to create a 3D model to

repair or re-print a new one

An ensemble of multidis

ciplinary technologies to accelerate the

development of materials, high-throughput experiments for their
qualification and design flexibility/topology optimization for
repair/redesign of components for AM
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Steam Turbines - Broad range for 50- and 60-Hz-grids

and drive application SIEMENS
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Intermediate-pressure turbine Crossover pipe

Double-flow intermediate-pressure turbine Single crossover pipe

Large diameter pipe to minimize losses and to reduce

® Circular inner and outer casing for minimum thermal
plant complexity and steam turbine footprint.

deformation and minimum clearances for high efficiency
W Shipped to site fully assembled for smooth erection and start

High-pressure turbine Low-pressure

- turbines

Barrel type HP turbine, no half joint

fiange connection

Single-flow high-pressure turbine with
circular inner and outer casing, optimum
thermal loading and small clearances.

Double-flow low-pressure turbines

Inner and outer casing are mechanically
decoupled preventing displacement and
deformation of the inner casing. That allows
minimal radial clearances resulting in
maximum efficiency.

. The outer casing is directly welded on the
Be arin g condenser under-neath the low pressure
turbine casing.
Fixed bearing Va |Ve

single, fixed bearing arrangement B
between HP and IP turbine cylinders 7]

for simple alignment and stable e Al
operation. Fixed bearing pedestals Combinad stop & contng i L ke
on foundation crossbeams. W Foreasy opening of {88 turbine
casing valves are connected to the | ];
lower part of the outer casing via L=
g __ _bolt connection. \
N S
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Materials knowledge, Steam Turbines
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Sebastien Dryepondt, ORNL
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- [esign and analysis

- Materialz performance

- De=sign foradditive manufacturing

Contract Administration

| |Kevin Go, Siemens

Kathy Saszala, Siemens
- Contract management

Siemens

Overall PpjectLead Activities involve repair componestanning an€CAD
model repa, Design for AM, CFD modeling, Markforged/Selective Laser
Melting (EOSM400) materialslevelopment, NX baseadolpathdesignfor
repairedandredesignedomponentsComponent buildupSteam turbine rig

testing Technology maturation into supply chain.

Fimancial Management

| [Terr Held, Siemens

- Financialz, invoicing
- Subcontractor agreements

ORNL

Large scale metal AM fabricatidread This includesmaterials feasibility
selectionprocess optimization, controls, atmblpathdesignfor repairedand

redesigneg@omponentsComponent build up.

Materials/ Process development via AM

Kyle Stoodt, Siemens

Lonnie Lowe, ORNL

Michael Kirka, ORNL

Jeff Crandall, CCAT

Henry Babiek

- Markforged, EQS M-200, Large scale
wire Al | Optomec, DM G-Moriprocess
development

Senior Technical Advisors

Havier M ontesdeoca, Siemens

Ralf Bell, Siemens

[Thomas Pool, Siemens

John Shingledecker, EPRI

Tom Maloney, CCAT

- Steam turbine design and moedifications
- Advanced Manufacturing

- Servicelfield issues

Non destructive evaluation

George Connolly, EPRI

John Lindberg, EPRI
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- Conwventional and advanced NDE
concepis

Program Management
Jazon Weissman, Siemens
- Risk analyziz

- Program management

EPRI

NDE taskLead. ConductField and shop deployable NOBr secondary
check of finished component quality and critical to the life management
of new and repaired component¥ill utilize its in-house statef-the-art
volumetric and surface NDE technologies (including standard and advar|
techniques) to determine thedt methods and limitations for NDE for the

differentAM methods andomponengeometries builithin this project.

Component performance validation
Tom Joyes, Siemens
Anett Bergmann, Siemens

- EngineiTest rig validation
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CCAT

Direct energy depositioAM Lead. CCAT will utilize their advanced
manufacturing asse{®©ptomec and DM@Mori systems}o develop
processes and fabricate components of interest identified $opribgram.
This includes materialdevelopmentbuild components using additive and/

hybrid machine tools, and measure quality metrics for the builds
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Development Approach For Technology Maturation Plan
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Design for AM T Improved designs

Scan with holes  Repaired model

Advanced seal
designs

3D optimized tip design for
reduced leakage flow =
performance improvement

Single-row extraction slots
orthagonal to the wetness line

Repair of
models

vy Advanced blade
Bﬁ designs

Process- Structure Property Relatlonshlps

AM Process
developments

Component Performance Validation

CFD Simulations

Component rig
Validation
for performance
improvements

-Illl of residual strain

Component (Advanced) Manufacturing

Macroscale Simulatio
Mesoscale Simulatio

Local overheating
Melt Pool calculaton @~ Thermal assessment likelihood

‘Oﬁ

AM Process simulations _ _ _
Component buildup/inspections
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